Final potential energies were obtained by single point calculations at BP86 optimised structures using the hybrid meta-GGA PW6B95 7 functional (together with D3(BJ) empirical dispersion correction) 5 in conjunction with the aforementioned basis sets (PW6B95-D3/(def2-TZVPP + def2-TZVP)//BP86-D3/(def2-TZVPP + def2-TZVP)). A large integration grid (m4 in TURBOMOLE notation) and tight SCF convergence criteria have been used. The reaction pathways were explored by a chain-of-states method, 8 as implemented in the module woelfling in the TURBOMOLE suite of programs, which makes use of reasonably chosen reactant and product structures to deliver an approximate to the minimum-energy path (MEP). It identified the reactant and product states to be linked to the associated transition state. The approximate saddle points connected with the MEP were subjected to an exact localisation of the TS structures. The geometry optimisation and the saddle-point search were carried out by utilising analytical gradients/Hessians according to standard algorithms. No symmetry constraints were imposed in any case. The stationary points were identified exactly by the curvature of the potential energy surface at these points corresponding to the eigenvalues of the Hessian. All reported TS structures possess exactly one negative Hessian eigenvalue, while all other stationary points exhibit exclusively positive eigenvalues. Aimed at providing substantive support for one of the several rival mechanistic pathways, the present study explored comprehensively alternative mechanistic avenues for direct and reductive hydroamination of 1,2-diphenylacethylene (S) with O-benzoyl-N,N-dimethyl-hydroxylamine (A) and prototype dimethoxymethylsilane (H) by a catalytically competent Xantphos-ligated Cu I hydride compound, with or without ethanol (R) as protic alcohol additive present, which was recently reported by the group of Buchwald. 
The Xantphos ligand is greyed out to enhance the visualisation of crucial structural aspects.
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Figure S2. Selected structural parameter (angstrom) of the optimised structures of key stationary points for alkyne C≡C bond insertion into the Cu-H linkage at alkyne adduct 1•S of the {P^P}Cu I hydride.
The Xantphos ligand is greyed out to enhance the visualisation of crucial structural aspects. intermediate. 16 Free energies are given in kcal mol -1 relative to {½1dim + reactants}. Figure S15. Selected structural parameter (angstrom) of the optimised structures of key stationary points for C=C bond insertion into the Cu-H linkage at cis-alkene adduct 1•O of the {P^P}Cu I hydride.
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Figure S16. Selected structural parameter (angstrom) of the optimised structures of key stationary points for S N 2 displacement of the benzoate leaving group via a multicentre TS structure at amine adduct 6•A of the (P^P)Cu I alkyl intermediate.
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Figure S17. Cleavage of the hydroxylamine ester N-O linkage through S N 2 displacement of the benzoate leaving group at amine adduct 6•A to involve a multicentre TS structure of the (P^P)Cu I alkyl intermediate. 16 Free energies are given in kcal mol -1 relative to {½1dim + reactants}.
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Figure S18. Selected structural parameter (angstrom) of the optimised structures of key stationary points for S N 2 displacement of the benzoate leaving group at amine adduct 6•A of the (P^P)Cu I alkyl intermediate. Figure S19 . Cleavage of the hydroxylamine ester N-O linkage through S N 2 displacement of the benzoate leaving group at amine adduct 6•A of the (P^P)Cu I alkyl intermediate. 16 Free energies are given in kcal mol -1 relative to {½1dim + reactants}. Figure S23 . N-C bond-forming reductive elimination at (P^P)Cu III alkyl benzoate amido intermediate 7.
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Free energies are given in kcal mol -1 relative to {½1dim + reactants}. . Selected structural parameter (angstrom) of the optimised structures of key stationary points for S N 2 displacement of the benzoate leaving group via a multicentre TS structure at amine adduct 8a•A of the (P^P)Cu I alkylamido intermediate 8a. Figure S31 . Cleavage of the hydroxylamine ester N-O linkage through a multicentre TS structure for S N 2 displacement of the benzoate leaving group at amine adduct 8a•A of the (P^P)Cu I alkylamido intermediate 8a. 16 Free energies are given in kcal mol -1 relative to {½1dim + reactants}. Figure S33. Selected structural parameter (angstrom) of the optimised structures of key stationary points for S N 2-type displacement of the benzoate leaving group through a multicentre TS structure at amine adduct 1•A of the {P^P}Cu I hydride.
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Figure S34. Condensed reaction profile for CuH-mediated direct hydroamination of 1,2-diphenylacetylene (S) with hydroxylamine ester (A) to afford (E)-enamine (PE), covering the most accessible pathway of all relevant steps ({P^P} = 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene). Figure S35 . Condensed reaction profile for CuH-mediated reductive hydroamination of 1,2-diphenylacetylene (S) with hydroxylamine ester (A) to afford α-branched alkylamine (PA), covering the most accessible pathway of all relevant steps ({P^P} = 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene). 
